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A possible explanation for the failure to improve the
internal jugular venous oxygen saturation with
balloon pump–induced pulsatile perfusion
To the Editor:
Kawahara and associates, in their article, “Balloon
Pump–Induced Pulsatile Perfusion During Cardiopulmonary
Bypass Does not Improve Brain Oxygenation” (J Thorac
Cardiovasc Surg 1999;118:361-6), are to be applauded for their
attempts at defining the role that pulsatile perfusion induced by
the intra-aortic balloon pump (IABP) may have in preventing
the decrease of internal jugular venous oxygen saturation
(SjvO2) and regional cerebral oxygenation during cardiopul-
monary bypass (CPB), under almost normothermic, alpha-stat
managed conditions. However, the explanations given for their
negative results seem to us inadequate or incomplete. At least
three other possibilities might be considered:
1. Before discussing whether pulsatility was or was not
effective in improving the decreased SjvO2, attention must be
directed to what might be the more fundamental point of the
problem. There appears to us to be a basic flaw in the design
of the protocol: Observations were made during CPB under
lower pressures than the baseline control in both groups.
These differences were dismissed with the argument that they
were within the autoregulated pressure ranges. The low SjvO2
and regional cerebral oxygenation observed during CPB in
both groups returned to normal as blood pressures returned to
control levels after CPB in a time frame strongly suggestive
of a cause-effect relationship, without the need of invoking
other factors. If so, two important implications can be
inferred:
a. Twenty minutes into the perfusion, the cerebral flow and
hence SjvO2 were dependent on pressure, suggesting that the
pressures used were no longer within the ranges of autoregu-
lation. Experimentally, below 90 mm Hg, dilation of the
smallest pial vessels starts to occur, being maximal at about
65 mm Hg1; the cerebral blood flow at a mean arterial pres-
sure of 65 mm Hg remains similar to that at 110 mm Hg2;
therefore the lower limits of autoregulation probably lie in the
range of 65 to 70 mm Hg, and not at 50 mm Hg. Thus the
validity of the widely accepted concepts of autoregulation
being maintained at pressures as low as 20 to 40 mm Hg3 or
even 50 mm Hg4 during alpha-stat, pulsatile or nonpulsatile
CPB is challenged. It would have been interesting to have fol-
lowed the SjvO2 at more frequent intervals to determine the
time dependency of the phenomenon, which may explain the
development of low SjvO2 in both groups as a function of per-
fusion time.
b. This low SjvO2 may represent a newly reset SjvO2 result-
ing from the limited or progressively decreased flow (supply)
having to satisfy a higher metabolic requirement (demand)
developing as CPB time increases.
If we accept the SjvO2 as the indicator of flow-metabolism
coupling, then there is need to conceptually change the fig-
ures for the pressures currently considered as being within
the autoregulation range during CPB. By contrast, if a pres-
sure of 50 to 65 mm Hg is accepted as sufficient to maintain
metabolic normalcy, then lower SjvO2 figures during CPB
(pulsatile or nonpulsatile) would have to be accepted as “nor-
mal,” although nonphysiologic. Since it is widely known that
low SvjO2 correlates with cognitive dysfunction in patients
after CPB, the first premise seems to be in need of revision.
If pump flows were maintained unchanged, the pulsatility
per se would not ameliorate the SjvO2. More detailed pres-
sure-flow metabolic studies as a function of time-duration of
perfusion might be required to elucidate the true nature and
meaning of the decreased SjvO2, and not only the presence or
absence of pulsatility.
2. The beneficial effects of pulsatile flow seem to be medi-
ated by the production of L-arginine and nitric oxide by the
pulse-induced stretch of the vascular endothelium.5 It is
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unlikely that the modest IABP–induced pulse pressure of
only 24 ± 8 mm Hg would generate a dp/dt of 645 ± 64 mm
Hg/s, particularly at the level of small cerebral arteries, and
thus be enough to produce sufficient stretch to induce signif-
icant production of L-arginine in the small cerebral arteries. If
the pulse pressure was not sufficient, then significant cerebral
vasodilation would not be obtained to affect the SjvO2, and
hence the IABP-induced pulsatility would be unable to ame-
liorate the impaired SjvO2. A similar study using a pulsatile
system capable of producing a pulse pressure of 50 to 60 mm
Hg6 to mimic that produced by the natural heart would be
needed to be able to definitely exclude or include the role
played by pulsatility. The study only demonstrates that the
modest IABP-induced pulsatility was not effective but by no
means excludes the role pulsatility may have.
3. It is widely known that during CPB the levels of circu-
lating endogenous catecholamines including norepinephrine
are increased. During systemic infusion of norepinephrine,
increased electrical brain activity (consisting of increased
low-voltage high-frequency waves and decreased high-volt-
age slow-frequency waves) suggestive of promotion of exci-
tatory (N-methyl-D-aspartate?) receptor activation has been
noted in nonischemic rabbits (unpublished observations of
electroencephalograms concurrent to brain microdialysis
studies), which may lead to Na+ and Ca++ influx. To maintain
the normal Na+ and Ca++ transmembrane gradient, the
demand for mechanisms to extrude them, which are highly
oxygen consuming, will be increased. Therefore during late
CPB the decreased SjvO2 might be a manifestation of that
increased oxygen extraction not counteracted by the anes-
thetics, pressures, or pulsatility used by the authors. The exact
effect of increased circulating catecholamines during CPB on
the cerebral vasculature is not known, but if it was equivalent
to increased sympathetic activity, then vasoconstriction of
small cerebral vessels would result with consequent
decreased flow.7 If both effects are operating, the develop-
ment of decreased SjvO2 over the first 20 minutes of perfusion
and the return to normal after CPB, also in 20 or 30 minutes,
are easily explainable.
Norepinephrine determination with and without blockade
in conjunction with metabolic studies across the brain in both
groups might shed some light.
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Reply to the Editor:
We appreciate the comments of Miyamoto and Miyamoto.
As we described previously, it is not clear which type of pul-
satile waveform has positive effects on cerebral circulation
and improves outcome of patients.1
The internal jugular venous oxygen saturation (SjvO2)
value expressed in Fig 1 was the value measured in a blood
sample drawn from a jugular venous catheter. At the same
time, we continuously measured the SjvO2 value and region-
al cerebral oxygenation using an analysis system (Explorer
system, Baxter Healthcare Corp, Irvine, Calif) and found that
there were no changes in the SjvO2 and regional cerebral oxy-
genation values throughout the study. In our previous study,2
we reported a close correlation between the oxygen satura-
tion value measured by the optical catheter and the oxygen
saturation value in sampled blood by the blood gas analyzer.
Therefore we do not think that the change in Sjvo2 would be
observed if the value had been measured more frequently
during cardiopulmonary bypass (CPB). It remains controver-
sial whether cerebral autoregulation is intact during CPB.3,4
Newman and associates3 reported that an increase in cerebral
blood flow was observed by an increase in mean arterial pres-
sure. In contrast, Sadahiro and the associates4 reported that
cerebral blood flow was constant when mean arterial pressure
was higher than 50 mm Hg. At present, there is no solid
agreement concerning the acceptable level of mean arterial
pressure during CPB.
As we described previously, however, our pulse pressure
was a physiologic pulse waveform. A higher pulse pressure
(>40 mm Hg) might have had a positive effect of high-pres-
sure intra-aortic balloon pumping (IABP) on cerebral circu-
lation.1
We did not measure the plasma catecholamine levels in the
two groups; therefore it was not known whether plasma lev-
els could have some effects on cerebral microcirculation in
our study. Cerebral microcirculation might be affected by
plasma catecholamine level, as they described. However,
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